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Abstract. Monofloral honey is derived from one particular source plant and may be more 
valuable than honey derived from many types of plants. The price of honey also varies according to 
the region from which it originates. For this reason, monoflorality of honey must be determined before 
labeling and marketing. Chemical analysis of honey may give informations about honey adulteration, 
but for botanical origin, melissopalynological determination must be performed. Different types of 
monofloral honey harvested directly from beekeepers were microscopically studied, following the 
original method of Louveaux et al. (1978). The percentage of specific pollen was determined in order 
to evaluate the monoflorality of declared honey samples. Additionally, physico-chemical 
determinations were made, to correlate the obtained results with palinological analysis. Sugar 
spectrum, diastazic activity, hydroxymethilfurfural content was determined by spectrophotometric and 
chromatographic analysis and correlations with specific pollen content were made. If chemical 
constituents may be changed during storage time (fructose content, enzymes, vitamins and other 
biologically active compounds), the specific pollen of each sample remains the same even after long 
storage periods. Melisopallinology remain an important method in quality and authenticity 
determination of honey, as the producers do not label all the time the correct botanical origin of honey. 
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INTRODUCTION 
 
The composition of honey is rather variable and primarily depends on the floral 
source, but certain external factors also play a role, such as seasonal and environmental 
factors and processing techniques (Alvarez Suarez et al., 2010). It is a semi-liquid product, 
containing a complex mixture of sugars and water, as main constituents, but also a multitude 
of minor constituents who give the specific properties, taste, flavor and benefits of honey. The 
most important of these constituents are enzymes, vitamins, minerals, pigments and natural 
biologically active compounds, organic acids or different lactones. This complex composition 
allows honey to be preserved for a long period of time with minor changes in the chemical 
composition, changes which do not alter its quality (Babarinde et al., 2011).  
 Nowadays tendency is to focused on chemical constituents determination, or 
determination of chemical families specific to one kind of honey or another (Nozal Nanda et 
al., 2005). For this reason sugar analysis (Cordella et al. 2003; Bonta et al. 2008), organic 
acids (Wilkins and Lu 1995; Mato et al. 2003; Haroun et al. 2012), vitamins (Ciulu et al. 
2011), phenolic compounds (Bobiş et al. 2007; Kečkeš et al. 2013; Perna et al. 2013) have 
been employed to characterize different honey types. Also quality parameters have been used 
to characterize the botanical origin of honey.  
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To help improving labeling and identifying the geographical and botanical origin of 
honey, beside chemical analysis of the main and secondary constituents, a method of pollen 
determination was proposed and developed by the International Commission for Bee Botany 
(ICBB) (Louveaux et al., 1970).  The same team published the methods for pollen spectrum 
determination (Louveaux et al., 1978).   Pollen identification is not a simple determination, 
because it requires specialised and trained professional personnel with an extensive 
knowledge of pollen morphology. Palynological characterization of honeys with different 
botanical origins has been performed by researchers from different countries (Atanassova and 
Kondova, 2004; Dobre et al. 2012; Downey et al., 2005; La Serna et al., 2002; La Serna and 
Gómez-Ferreras, 2006; Persano-Oddo and Piro, 2004; Seijo et al., 2011; Terrab et al., 2003). 
Even this method may be largely subjective, time consuming and not all the time 
representative for different floral pollen types, is an important step for honey botanical origin 
determination.  
 For this reason, physical-chemical analysis and sugar spectrum is most of the time 
connected to other quality and origin parameters, to make an overview of botanical origin of 
honey.   
 
MATERIALS AND METHODS    
 
Honey samples. Different declared monofloral honey samples were analysed for 
physico-chemical constituents (water content, electrical conductivity, ash, pH and acidities, 
HMF content and sugar spectrum), as well as specific pollen count. Black locust (Robinia 
pseudoacacia), canola (Brassica napus), linden (Tillia spp.) and sunflower (Helianthus 
annuus) honey samples produced in 2012 and 2013 were used in the experiment. Honey 
samples were collected directly from beekeepers and labeled after the declared origin.  
Chemicals, reagents and equipments. For the physical-chemical analysis, analytical 
or chromatography grade purity chemicals were used. Abbe refractometer was used for water 
content determination, Titrolyne automatic titrator for pH and acidities (free acidity, lactone 
acidity and total acidity), Shimadzu HPLC with refractive index detector for sugar spectrum 
analysis and photodiodearray detector for HMF content.   
Physical-chemical analysis. Honey uniflorality can be determined by physical-
chemical analysis of main constituents. Analyzing sugar spectrum for example and 
determining the fructose/glucose ratio, or even glucose/water ratio, important proofs of 
uniflorality are obtained.  Water content, pH and acidity, HMF content, diastazic index, main 
sugars, were determined following the methods from International Honey Commission, 
methods also validated in APHIS Laboratory, USAMV Cluj-Napoca (Bobiş et al., 2010a, b; 
Moise et al. 2013; Mădaş et al. 2012; Mărghitaş et al. 2010; Marc et al., 2012; Bonta et al., 
2008).    
Pollen analysis was performed after the method of Louvreaux et al. (1978), using a 
non-acetolytic method with some modifications in the time and speed of centrifugation for 
pollen residue preparation. Ten grams of honey were dissolved in 15 ml of 5‰ sulpfuric acid 
in distilled water and centrifuged at 4000 rpm for 30 minutes. The supernatant was removed, 
leaving about 2 ml with the pellet. Distilled water was added up to 10 ml, shacked and 
centrifuged for 20 min at 3500 rpm. The operation was performed twice.  The final pollen 
residue from each honey sample was left on a microscope slide in two distinctive drops, dried, 
stained and fixed with fucsine in glicerine-gelatine mixture. Light microscopy (400×) was 
used to examine the samples. The pollen spectrum of honey sample was determined by 
counting 1000 pollen grains using the whole slide if necessary. Relative frequency classes 
were determined according to the international melissopalynological nomenclature: D–
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“dominant pollen” (more than 45% of pollen grains counted), A–“accompanying pollen” 
(representing 15–45% of the pollen spectrum), I–“important minor pollen” (3–15%), R–
“minor pollen” (less than 3%). 
Statistical analysis. All data are expressed as mean ± standard deviation from three 
replicates of every sample. Results were analyzed using Statistical Package for Windows®. 
Differences between samples were tested by one-way ANOVA. P values of <0.05 were 
considered significant.  
 
RESULTS AND DISCUSSIONS     
 
Water content and main sugars are presented in Table 1. Romanian and International 
standards for honey analysis states that water content of honey must be under 18%, in order to 
avoid fermentation upon storage. This value is also an indicator of maturation and authenticity 
(no adulteration).  
 
Tab. 1  
Water, glucose and fructose content (mean ± S.D. in %), fructose/glucose  
and glucose/water ratio of different botanical origin honey samples 
 
 
Black locust 
 (Robinia 
pseudoacacia) 
Canola 
(Brassica napus) 
Linden 
(Tillia spp) 
Sunflower 
(Helianthus 
annuus) 
No. of samples 8 10 8 10 
Water (%) 16.8±2.1 17.3±1.8 18.1±2.3 17.8±0.9 
Glucose (%) 28.6±1.8 37.6±2.6 36.5±2.4 39.9±1.8 
Fructose (%) 40.6±1.6 38.6±1.9 35.8±1.3 33.8±2.8 
Fructose/Glucose ratio 1.42 1.02 0.98 0.85 
Glucose/Water ratio 1.70 2.17 2.02 1.89 
Note: Results are mean of three individual determinations of each honey sample ± SD. 
 
Beside the absolute values for glucose and fructose, also fructose/glucose ratio as 
well as glucose/water ratio may represent valuable indicators for primary determination of 
botanical origin of honey and discrimination between different floral origins. If the ratio of 
fructose/glucose is >1.24, the honey will remain liquid for longer period, but if this ratio is 
<1.05 the honey will crystallize soon. The smaller the ratio is, the faster the honey will 
crystallize. For example, it is known that pure black locust honey have fructose/glucose ratio 
higher than 1.2 and sunflower honey lower than 1.0. As it can be seen from Table 1, our 
samples lie between these values. Glucose/water ratio, lower than 1.7 makes honey to remain 
liquid for longer period of time, but ratios >2.1 show an early crystallization of honey 
samples.  
According to Persano-Oddo and Piro (2004) and Sabatini et al. (2007), analyzed 
honey samples in this experiment re within the limits determined by the above authors, which 
have been analyzed European honeys. The obtained values are in accordance with previous 
studies of Romanian honeys, performed in APHIS Laboratory (Bonta et al., 2008, Mădaş et 
al., 2012; Mărghitaş et al., 2010; Marc et al.,, 2012) and other Romanian research teams 
(Mihaly CozmuŃa et al., 2011; Cimpoiu et al., 2013; Oroian, 2012) 
Other determined physical-chemical parameters (Tab. 2), show authentically honey 
samples, as declared by the beekeepers from the collection places. Diastazic activity show 
mostly the freshness of honey samples, but pH and acidities can be considered, with some 
extent, botanical origin parameters, knowing the fact that a high pH, indicate a high mineral 
and ash content, characteristic to dark color honeys.  
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Tab. 2  
pH,  acidities and diastase content  (mean ± S.E. in %),  
of different botanical origin honey samples 
 
 
Black locust 
 (Robinia 
pseudoacacia) 
Canola 
(Brassica napus) 
Linden 
(Tillia spp) 
Sunflower 
(Helianthus 
annuus) 
No. of samples 8 10 8 10 
pHi 4.15±0.6 3.97±1.1 4.35±0.8 4.53±0.9 
pHe 6.59±0.8 5.93±1.0 6.84±0.9 6.83±0.7 
Free acidity  
(meq NaOH/kg honey) 10.87±2.1 11.86±1.8 8.53±0.8 11.86±1.2 
Lactonic acidity  
(meq NaOH/kg honey) 8.56±1.8 44.05±4.2 12.32±3.5 37.4±2.3 
Total acidity 19.43±3.4 55.91±4.95 20.85±3.98 49.26±3.1 
Diastase activity (DN) 19.5±2.4 21.5±5.7 15.86±4.2 25.65±5.2 
 
Even hydroxymethilfurfural (HMF) is not an important parameter for botanical 
authenticity of honey, every physical-chemical screening of honey, for commercial purposes 
as well as for research, must perform this analysis, knowing that this parameter is important 
for quality authenticity and control of honey. All tested honey samples analyzed, present low 
amounts of HMF content, indicating that the samples were authentic, no adulteration being 
registered (Fig 1.). 
Sunflower honeyLinden honeyCanola honeyBlack locust honey
25
20
15
10
5
0
H
M
F 
co
n
te
n
t (
m
g/
kg
 
ho
n
e
y)
 
Fig.1. Boxplot graph of HMF content for the fourth types of unifloral honeys 
 
From physical-chemical point of view, all analyzed samples correspond to their 
declared origin. For correct labeling and consumer correct information, pollen analysis of all 
samples was performed according to Louveaux et al. (1978). Examples of microscopic slides 
photography are presented in Figure 2. 
 Analyzing all honey samples for dominant pollen present on every microscopic 
slide, it could be observed that all the samples can be included in the declared origin. The 
difference between samples was the “accompanying pollen” and “important minor pollen”. 
Generally black locust honey has as accompanying pollen canola pollen, as these two nectar 
sources are blooming in close periods of time. Black locust honey has also as minor pollen, 
dandelion and different fruit trees pollen (apricot, apple, peach).  
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A  B 
C  D 
Fig. 2. Pollen images of black locust (Robinia pseudoacacia): A, canola (Brassica napus): 
B, linden (Tillia spp): C and sunflower (Helianthus annuus): D honey 
 
The abundance of nectar and pollen of canola flowers, make it possible to obtain a 
pure honey and generally just minor pollen of other species is present in this type of honey.  
Linden honey can be obtained pure, but often is mixed with sunflower honey, as the 
present pollen show in palinological analysis.  
Sunflower honey has always the highest content of dominant pollen, generally rare 
pollen from other species being present in the sediment of this type of honey.  
 
 
Fig. 3. Percentage of specific pollen in honey samples 
 
According to specific pollen analysis of every sample from each type of honey, it can 
be noticed the flowers that are underrepresented or over represented (Fig. 3). Sunflower and 
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canola have a high amount of pollen in the analyzed samples being established a mean of 
79.6% and 63.86% respectively. Regarding linden and black locust specific pollen, amounts 
of 48.29% and 20.62% of specific pollen was determined. Generally the analyzed samples can 
be classified as unifloral honeys, but some of them don’t have enough specific pollen as 
required by standard to be classified as unifloral honeys (3 samples of declared black locust 
honeys). From a commercially point of view, black locust honey is more expensive and for 
this reason is more susceptible to adulteration. Along with organoleptic analysis, for this type 
of honey especially, palinological and physical-chemical analysis are required for the correct 
labeling.  
CONCLUSION    
 
Physical-chemical analysis of honey are important to establish the authenticity in 
terms of quality and origin also, but for correct unifloral determination, palinological analyses 
are needed also. Some beekeepers or aquisitors with long experience in the field, consider that 
beside organoleptic analysis, pollen spectrum determination is enough for establishing the 
correct denomination of botanical origin. While this analysis does not require high costs, it 
must be performed by qualified personnel with experience in this field, having knowledge of 
botany along with laboratory experience.  
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